At present both transducer size and the semi invasive nature of the procedure appear to preclude its use in sedated or non anaesthetised concious children. Even when general anaesthesia is used to allow probe insertion and placement, probe size will normally not allow children of less than 5 years to be investigated with safety. Fortunately, using a combinatoin of precordial and subcostal high resulation cross-sectional imaging (i.e. 5.0 or 7.5 MHz) allied to spectral Doppler plus colour flow mapping studies diagnostics information can be derived in virtually all unoperative infants and young childrens (i.e. those less than 5 years ), and thus recourse to the alternative transesophageal approch is rarely reqired in this age group 4, 5 . However, as more children are operated on a young age for complex heart disease a non-invasive technique is required for the sequential evaluation of the results of cardiac surgery and the identification of residual or newly acquired lesions. The precordial ultrasound window is frequently restricted in such operated patients with mid line thoracotomies as a direct consequence of acquired fibrous adhesions following cardiac surgery. In addition,ultrasound imaging in all children becomes more difficult with age due to increasing chest and cardiac size and the natural reduction in the ultrasound window 1, 3 . Ultrasound studies of complex congenital heart disease in the adolescent and adult population present many difficulties. In addition, complex heart disease is frequently associated with either cardiac malpositions, where the heart is completely or partially obscured by the sternum and rib cage , significantly is spinal or thoracic cage abnormalities which make ultrasound examination difficulties 5, 6 . Figure:1) . However, in the standard parasternal and apical imaging planes, because the direction of the echocardiographic beam is nearly parallel to the atrial septum, echo dropout, primarily in the region of the midatrial septum (fossa ovalis), is common, making these imaging planes unreliable for the echocardiographic diagnosis of atrial septal defect (1-3).
In comparison, the subcostal approach permits the echographic beam to be directed nearly perpendicular to the atrial septum, allowing complete visualization of the entire atrial septum. Because a large series describing the usefulness and sensitivity of the two-dimensional and color Doppler echocardiographic subcostal approach ( Figure: 1) for the diagnosis of various types of atrial septal defects has not been reported,(10,11) we describe our experience with a broad spectrum of patients using this technique. Our results show that the subcostal technique is very reliable for the diagnosis and characterization of the common types of atrial septal defect. In certain circumstances, contrast echocardiography are useful adjunctive diagnostic procedures. On the basis of ourexperience, we also describe the proper technique for the subcostal echocardiographic examination of the atrial septum, Its limitations and the indications for and usefulness of contrast echocardiographic and Doppler examinations.
Methods:
Patients were included in the study on the basis of satisfactory two-dimensional echocardiographic examinations from parasternal and apical positions, but in particular from the subcostal approach for visualization of the atrial septum. Two-dimensional and color Doppler echocardiograms of 171 patients with atrial septal defect were reviewed. All patients were seen betweenApril 2011 and April 2015 in BSMMU echo room. A total of 154 patients met these criteria. Seventeen patients (10%) were excluded from the study because in nine patients the image quality was poor and in eight patients no subcostal examination was done. Of the 154 patients, 58 were male and 96 were female, their ages ranged from 18 to 45 years (mean 31 years) . Patients who had an atrialseptal defect as part of other major complex congenital heart abnormalities were excluded. Confirmation of ASD was made by both surgery and cardiac catheterization in 115 cases, surgery alone in 24 cases and cardiac catheterization alone in 15cases.There was no perioperative mortality in any of 139 patients who underwent surgical repair.
Echocardiography.
The two-dimensional and color Doppler echocardiographic equipment used in the study included 3.5 MHz .The atrial septum was analyzedand the defects were categorized according to specific anatomic location (Fig . I) . Sinus venosus atrial septal defects are frequently missed and difficult to visualize with conventional twodimensional and color Doppler echocardiographic views. The studies were recorded on videotape for storage and subsequent playback analysis.
Contrast echocardiography: Two-dimensional echocardiographic contrast studies were performed in 20 patients.
The objective was to document a shunt at the atrial level. An echographic contrast study was considered positive if there was complete dense bolus opacification of the right atrium. After opacification of the right atrium, the immediate appearance of "rnicrobubbles" in the left atrium (10) or the visualization of a negative "washout" jet in the right atrium (left to right shunt) (11, 12) defined the presence of an interatrial shunt.
Results:
Ostium secundum defect ( Fig. 2A and B) . One hundred five patients (68%) had an ostium secundum defect. The mean age of this group was 37 years (range 18 years to 45 yrs); 34 were male and 71 female. Eighty-six (82%)underwent subsequent diagnostic cardiac catheterization, and96 (91 %) had surgical repair. Nineteen patients (18%)underwent operative closure of the defect without prior cardiac catheterization. An atrial septal defect (a persistent echovisible defect in the region of the fossa ovalis) was visualized by two-dimensional echocardiography in 93 of the 105 cases. In most patients, the defect was larger than 1.5 cm. In every instance when the atrial septal defect was visualized, it was properly categorized as a secondum type.
In 12 (11%) of the 105 patients. the defect was not visualized (false negative result).
Eleven of the 12 patients had subsequent anatomic confirmation of the defect at surgery , in the remaining patient the defect was substantiated at cardiac catheterization and transesophageal echocardiography. The age of the patient did not influence the success rate of visualization of the atrial septaldefect.Echocardiographic contrast studies were performed in five of the patients. and in three an interatrial shunt was diagnosed (positive dye study). Intwo patients, contrast studies were nondiagnostic because of incomplete opacification. Two patients had Doppler examinations, both of which were positive. Therefore, in five (71 %) of seven patients in whom a defect was not directlyvisualized, the additionof a contraststudyor pulsedDopplerechocardiography allowed a correct diagnosis of a shunt atthe atrial level.
Ostium primum defect (Fig. 3) : Thirty-two patients had an ostium primum defect. The mean age of this groupwas 20 years (range 20 yrs to 40yrs years); 12 were male and 20 female . Thirty-one patients (97%) had subsequent cardiac catheterization, and 26 (81 %) underwent surgical repair. In each case, the defect was correctly diagnosed by twodimensional and color Doppler echocardiography (diagnostic sensitivity100%). The typical echocardiographic features of an ostium primum defect (Fig. 3C) were considered more diagnostic from apical and modified parasternal four chamber views(inflow views). Characteristic inferior displacement of the atrioventricular valves and exclusion of a ventricular septal defect were appreciated better from the apical views. Onthe basis of its characteristic location and appearance .The ostium primum defect was correctly categorized in everyinstance .In six patients an associated ostium secundum defect was present but not appreciated by the echocardiographer.In five of these six patients, the associated secundum defect was either small (4 to 6 mm) or fenestrated.
Sinus venosus defect (Fig. 4) . Using modified subcostal and right parasternal longitudinal views, sixteen patients were found to have a sinus venosus atrial septal defect which was diagnosed by modified subcostal view . The combination of subcostal and right parasternal longitudinal imaging views will improve the detection of sinus venosus atrial septal defects Sixteen patients hadan atrial septal defect of the sinus venosus type. The meanage of this group was 41 years (range 19-45); 12 weremale and 4 female . Of the 16patients. 12(75%) underwentcardiac catheterization and 4 did not. All 16 patients underwent surgical correction. The defect in the superior part ofthe atrial septum was visualized by two-dimensional echocardiography in 7 of the 16 (diagnostic sensitivity 44%),and in all 7 instances it was properly categorized as of thesinus venosus type. Right ventricular volume overload waspresent in 15 of the 16 patients, and right ventricular enlargement without paradoxical septal motion was observedin the remaining patient.
Fifteen (94%) of the 16patients with sinus venosusdefecthad associated partial anomalous pulmonary venous connection draining into the superior vena cava just above orat the junction of the right atrium and the superior venacava (13 patients) , directly into the right atrium (I patient)or into the upper superior vena cava (I patient). An anomalous pulmonary vein was visualized by two-dimensionalechocardiography in one patient.
Coronary sinus defect. One patient in this series, a 50 year old woman, had a coronary sinus defect (confirmed at surgery). Preoperatively, this patient was suspected of having a nonvisualizedostiumsecundum atrial septal defect.Although the defect was not visualized by echocardiography, the results of two-dimensional echocardiographic contrast study were positive.
2-D ECHO CONTRAST STUDY:
Seventy-one patientshad echocardiographic contrast studies and 69 (97%) of these had abnormal findings, most showing bidirectional interatrial shunts (Table 3) . Sixteen patients had an atrial septal defect of the sinus venosus type. The mean age of this group was 41 years (range 5 to 66); 12 were male and 4 female.Of the 16patients. 12(75%) underwent cardiac catheterization and 4 did not. All 16 patients underwent surgical correction . The defect in the superior part of the atrial septum was visualized by twodimensional echocardiography in 7 of the 16 (diagnostic sensitivity 44%),and in all 7 instances it was properly categorized as of the sinus venosus type. Right ventricular volume overload waspresent in 15 of the 16 patients, and right ventricular enlargement without paradoxical septal motion was observedin the remaining patient.
Of the nine patients in whom a sinus venosus defect wanot visualized which were confirmed by transesophageal echocardiography.
The increased diagnostic sensitivity was attributed to a more detailed subcostal examination of the atrial septum, including anteroposterior scanning in the region of the superior atrial septum (Figure1).
Fifteen (94%) of the 16 patients with sinus venosus defect had associated partial anomalous pulmonary venous connectiondraining into the superior vena cava just above or at the junction of the right atrium and the superior vena cava (13 patients) , directly into the right atrium (1 patient) or into the upper superior vena cava (1 patient).All were diagnosed by Transesophageal echocardiography. An anomalous pulmonary vein was visualized by twodimensionalechocardiography in one patient.
Coronary sinus defect:
One patient in this series, a 62 year old woman, had a coronary sinus defect (confirmed at surgery). Preoperatively, this patient was suspected of having a nonvisualizedostiumsecundum atrial septal defect. Although the defect was not visualized by echocardiography, the results of two-dimensional echocardiographic contrast study were positive. Twodimensional echocardiographic contrast studies.
Seventy-one patients had echocardiographic contras tstudies and 69 (97%) of these had abnormal findings, most showing bidirectional interatrial shunts (Table 3 ). Apical and parasternal four chamber and short-axis views were most frequently utilized for visualization of the negative contrast and short-axis views were most frequently utilized for visualization of the negative contrast.
Associated disorders: Thirty-four patients had associated cardiac disorders that were diagnosed by two-dimensional echocardiography. In the group with a secondum defect, echocardiographic mitral valve prolapse was foundin 20 patients (19%) ( Table 4 ). In the group with a primium defect, a cleft mitral valve was visualized in all.
Patients undergoing operation without prior cardiac catheterization: Of the 154 patients, 24 (16%), with a mean age of 30 years (range18 to 45 ), underwent successful surgical repair of atrial septal defect without preoperative cardiac catheterization, In this group of patients with typical clinical findings of atrial septal defect, the two-dimensional echocardiogram was used as the major confirmatory test(with or without contrast or Doppler studies). The atrial septal defect was visualized in 23 patients (96%), and the remaining patient had typical echo-cardiographic findings of right ventricular volume overload and mild to moderate Pulmonary hypertension. Nineteen patients (79%) in this group had an ostium secundum defect, four had a sinus venosus defect and one had an ostium primium defect. Twelve (63%) ofthe 19 patients with an ostium secundum defect , 3 (75%)of the 4 patients with a sinus venosus defect and the 1 patient with an ostium primium defect underwent surgical repair onthe basis of typical clinical findings (and diagnostic two dimensional echocardiographic findings) without other confirmatory tests. None of the patients had a history of angina or myocardial infarction or had findings suggestive of associated valvular heart disease or severe pulmonary hypertension. At operation, the associated anomalous pulmonary venous connection in patients with a sinus venosus atrial septal defect was successfully repaired in all.
